Objective-To assess the direct and follow up results of balloon angioplasty for aortic recoaretation with respect to the type of initial operation and to determine the midterm effect on systolic blood p e.
Design-Prospective study of invasive haemodynamic and angiographic data and non-invasive data on upper body blood pressure. Setting-Tertiary referral centre for paediatric cardiology. Subjects-24 infants and children (age 0-3-16*2 years, mean 5 9 years) who had had surgical correction for coarctation (end to end anastomosis (14 patients) subclavian flap angioplasty (nine), patch angioplasty (one)). Main outcome measures-Peak systolic gradient over the recoarctation and aortic diameters before and directly after angioplasty and at follow up. Upper body blood pressure before and after angioplasty and at latest follow up. Results-Mean peak systolic gradient initially decreased from 35 (15) to 12 (9) mm Hg (p < 0-001) and was 9 (10) mm Hg at follow up after 1*4 (0'5) years.
Patients with a subclavian flap repair showed a slight fiurther decrease in the residual gradient at follow up (p < 0 05). The coarctation diameter increased from 5o3 (2.6) to 7o7 (2.5) mm (p < 0-001), and a further increase to 9'3 (2.9) mm (p < 0.01) was present at follow up after 14 (0.5) years without significant changes in other aortic diameters. Upper body systolic blood pressure decreased from 138 (24) to 115 (17) mm Hg after balloon angioplasty, and the effect on blood pressure persisted at a mean follow up of 3*7 years. One patient died of ventricular failure. Femoral artery thrombosis occurred in three patients. In one patient a small aneurysm occurred that had not increased at follow up. In one patient restenosis after angioplasty was redilated successfully. In one patient dilatation of a residual stenosis after angioplasty fiiled. Conclusion-Balloon angioplasty for recoarctation is effective and is associated with accelerated growth of the dilated segment at follow up in many patients. Coarctation diameter The coarctation diameter increased from 5-3 (2 6) mm to 7*7 (2.5) mm (p < 0-001) directly after dilatation and to 9-3 (2 9) mm (p < 0-01) at follow up after 1-4 (0 5) years. Proportionally the mean increase was 170% (range 106%-369%) of the initial diameter directly after the balloon angioplasty and 203% (range 115%-383%) at follow up. There was no significant change of the proximal and distal aortic diameters either at angioplasty or at follow up (fig 2) . Furthermore, coarctation diameter was not significantly different in patients with an end to end anastomosis or a subclavian flap repair.
COMPLICATIONS
One patient, who also had severe subaortic obstruction and poor left ventricular function, died 36 hours after emergency balloon angioplasty from persistent heart failure. Angiographically the result of the balloon angioplasty was good. Postmortem examination was not permitted. Intimal dissection leading to a small aneurysm was seen in one patient, who had initially had a subclavian flap repair operation. The ratio of the balloon and coarctation diameters was 1X6 in this patient. The aneurysm was small and had not increased in size at follow up (fig 3) . No Figure 2 Angiographically determined mean aortic diameters atfour levels in al patients before and after balloon angioplasty for aortic recoarctation and atfollow up (mean 1 4 years) (*p < 0-01, **p < 0001).
amounts of blood. One patient experienced a transient hemianopsia, which had completely resolved after two days. We observed no cases of paradoxical hypertension after balloon angioplasty.
BLOOD PRESSURE
Peak systolic blood pressure measured in the right arm was 138 (24) mm Hg before balloon angioplasty and 115 (17) mm Hg afterwards (p < 0-01). Except for the patient with cardiac failure, systolic blood pressure was above the 95th centile for age before dilatation.910 After the intervention systolic blood pressure was still above the 95th centile in four patients. At the latest follow up (mean 3-7 years, range 1-7-5-5) mean peak systolic blood pressure was higher than that early after balloon angioplasty (125 (21) mm Hg; p < 0 05) (fig 4) but still lower compared with the value before angioplasty (p < 0-01).
In patients who had initially been treated by end to end anastomosis blood pressure at the latest follow up did not differ from the value before angioplasty, whereas in patients initially given subclavian flap repair blood pressure was still significantly lower ( fig 4) . There were no significant differences in blood pressure between the patients with an end to end anastomosis and those with a subclavian flap angioplasty before and directly after balloon angioplasty or at the latest follow up. Systolic blood pressure at latest follow up was above the 95th centile in five patients (three had had end to end anastomosis, two subclavian flap repair). Clinical signs of recurrence of coarctation after balloon angioplasty were not observed, except in the patient who underwent a successful repeat dilatation, in whom the effect persisted at follow up.
Discussion
The occurrence of restenosis after surgical repair for coarctation of the aorta remains a limited but recurring problem in clinical practice.' Different surgical approaches have been advocated and used by surgeons, which was reflected in our study. Initially an end to end repair was favoured, but then gradually subclavian flap angioplasty was used more often in infants and gave reasonable results.
In the past few years we expected that an extended end to end repair could overcome the problems of restenosis. It still occurs, however, especially in infants when an intracardiac defect and a coarctation via a median sternotomy are operated on at the same time." Our results confirm that balloon angioplasty for recoarctation directly results in a substantial reduction of the invasively measured mean peak systolic gradient (67%). The invasively measured gradients were obtained during general anaesthesia, which may have led to underestimation of the gradient because of factors such as diminished cardiac output and vasodilatation. Therefore changes in the peak systolic pressure in the ascending aorta are not discussed here. Our haemodynamic data on the coarctation gradient, however, were comparable with those in previous studies.'-After a mean follow up of 1-4 years a considerable further decrease in the invasively obtained residual gradient was observed in most patients. Restenosis after the balloon dilatation was observed in only one patient after an end to end type repair.
Residual stenosis with a gradient of 20 mm Hg or more at follow up was observed in three patients. The mean increase in the coarctation diameter was 170% after balloon angioplasty. The follow up results, showing a further increase in diameter, were consistent with the haemodynamic findings. In addition, there proved to be an accelerated growth of the dilated segment in many patients. After surgery for coarctation there remains an increased risk for cardiovascular complications and hypertension.'213 A higher probability of death in adult life is associated with persistent high blood pressure after coarctation repair. The effect of balloon angioplasty on upper body systolic blood pressure, one of the major reasons for treatment of recoarctation, persisted in most of our patients at longer term clinical follow up. As absolute blood pressure increases with age in children, the clinical relevance of these measurements was evaluated on the basis of blood pressure centiles for age.
Some of our findings suggest that the results of balloon dilatation for recoarctation are slightly better after subclavian flap angioplasty. This difference related to the initial type of surgery has not been observed in previous studies68 and may reflect the difference in morphological substrate. In our study, however, the patient groups were not comparable according to age at the time of balloon angioplasty. In addition, our finding is unlikely to influence surgical preference.
We observed few complications of angioplasty. The cause of death in the patient who died was probably not related to the angioplasty. Femoral artery problems were observed in three patients, in two during the first year of our experience. Although the use of low profile balloons during balloon angioplasty and of thrombolytic agents when arterial thrombosis is suspected can reduce the incidence of femoral artery complications, such problems are unlikely to be eliminated completely. If possible the balloon angioplasty should be postponed until the patient weighs more than 10 kg.14 Intimal dissection and subsequent aneurysm formation directly after balloon angioplasty or later are mainly observed when this technique is used in primary coarctation.'5 Aneurysms may occur after angioplasty for recoarctation.68 In our study such an aneurysm occurred in a patient with a subclavian flap repair; the balloon ruptured during inflation and the aneurysm occurred opposite the site of the flap. The presence of scar tissue around the aorta, which should . preventaneurysm formation, may be less circumferential in patients after a subclavian flap repair than after an end to end anastomosis. Although the aneurysm had not enlarged at follow up, the long term clinical importance of such aneurysms remains unknown. A recent report of a fatal rupture during balloon angioplasty for recoarctation in a patient who had initially had a patch angioplasty emphasises the risk of balloon dilatation in this type of repair. 16 Regular follow up is necessary. Magnetic resonance imaging is suggested as an alternative for cross sectional angiography, but no studies comparing both techniques with respect to aneurysms have yet been reported. 7 In conclusion, our results show that balloon angioplasty for recoarctation of the aorta can be performed with good results at midterm clinical follow up both after an end to end anastomosis and after a subclavian flap repair. The reduction of upper body blood pressure in many patients is important for diminishing the long term negative effects on cardiac function.
